ABSTRACT
INTRODUCTION
With the loss of natural wetlands on a global scale (Williams, 1990) , anthropogenic aquatic environments, such as man-made ponds, have grown in importance for freshwater communities. In fact, they may be the only choice for aquatic wildlife in areas where natural wetlands no longer exist. Also, their function in supporting freshwater communities may differ substantially from that of natural ecosystems (Ma et al., 2009 ). Yet few studies have sought to explore how altering management of commercially exploited wetlands can improve their biodiversity performance (e.g. Elphick et al., 2010; Shulse et al., 2012) . Cyprinid ponds, with common carp Cyprinus carpio as the principal stock fish, have traditionally been a key sector of freshwater aquaculture in Asia and in mainland Europe, especially in the central and eastern part of the continent (Szücs et al., 2007) . Considering the popularity of carp farming, integration of carp ponds into strategies of wildlife conservation deserves attention. Common carp is widely blamed for dramatic losses of diversity in natural ecosystems where the species has been introduced (Bajer et al., 2009; Matsuzaki et al., 2009) . Moreover, in farmed ponds eutrophic conditions resulting from the input of nutrients to enhance fish yields are believed to be conducive to low biodiversity (Wezel et al., 2014) . On the other hand, ponds used for carp culture have been identified as potentially vital breeding habitats for protected wildlife species, especially in regions poor in natural wetlands (Švažas and Stanevičius, 1998; Hartel et al., 2007; Kloskowski, 2010) . The ecosystem potential of commercial carp ponds varies considerably depending on fish rearing practices and intensity of aquaculture (e.g. Broyer and Calenge, 2010; Wezel et al., 2014) . Preservation of high ecological quality in carp ponds is not necessarily compatible with profit-oriented fish farming, not to mention conflicts arising from damage inflicted by wildlife (Guziur et al., 2003; Szücs et al., 2007) . However, owing to poor economic performance and market saturation, many fish farmers face the necessity of restructuring the use of pond resources and managing ponds for multiple purposes, which may include ecotourism and other ecosystem services (Szücs et al., 2007) . In Poland, ponds used for carp rearing are to some degree structurally uniform; the open, drainable water bodies are typically shallow to allow sunlight to penetrate to the bottom and stimulate pond productivity (Geldhauser and Gerstner, 2011) . However, pond ecosystems differ in many aspects, such as which species are cultured, age and density of stocks, size (area), and hydrological regime, including the hydroperiod (the length of time a pond retains water). As in most other countries of Central and Eastern Europe, carp fishes are normally raised to marketable size in a three-year cycle. Year-classes are grown in separate ponds to optimally adjust farming practices to the production requirements specific for a given fish age (Opuszyński, 1987; Geldhauser and Gerstner, 2011) . Pond permanency is dependent on the fish production system: fish can be kept in the same pond even for the entire growth period, but more commonly, the age-classes are transferred to wintering ponds in autumn while the rearing ponds remain drained until spring. Timing of pond re-filling varies; older age-classes can be restocked in early spring, while fish fry, which are sensitive to spells of inclement weather, are stocked later in the season (May−June) (Opuszyński, 1987) . For wildlife, at the two extreme ends of the hydroperiod gradient, carp ponds are functionally equivalent to natural permanent waterbodies or to ephemeral wetlands, respectively (cf. Wellborn et al., 1996) . Our research goals were to identify management-dependent factors related to amphibian and waterbird diversity of age-structured carp ponds in Eastern Poland. Amphibians and birds commonly breed within carp ponds (e.g. Hartel et al., 2007; Broyer and Curtet, 2013) and could be used as flagships for wider conservation efforts or as indicators of wetland change (Weller, 1988; Walls et al., 2014 ; but see Guareschi et al., 2014) . We have shown in previous papers that ponds with different-aged (-sized) fish provide habitats of different suitability for wildlife (Kloskowski, 2010; Kloskowski et al., 2010) . Here, we particularly focused on the timing of flooding, a factor which has received little attention in research in both natural and constructed wetlands (Pechmann et al., 1989; Paton and Crouch, 2002 ; see also Kneitel, 2014) . Separate stocking of carp age-classes and different hydroperiods allowed us to compare how various combinations of pond management regimes affect amphibian and waterbird diversity. The outcomes of our research should yield insights into pond management practices to support rich and diverse aquatic communities together with fish production.
MATERIALS AND METHODS

> STUDY SYSTEM
The research was conducted on carp farms located in an agricultural area with cropped fields, meadows and forests in Eastern Poland (51
• 8−33 N, 22
• 15−23
• 16 E) ( Figure 1 ). The ponds studied varied considerably in size, from 0.8 to 36.7 ha, but were roughly similar in depth profile (mean depths varying from 0.7 to 1.3 m throughout the fish growing season). The fish farms were situated in areas with varying geological backgrounds (Turski et al., 2008) ; the ponds were embedded in hydrogenic deposits and surrounded by soils varying from poor sandy soils with large amounts of clay content to more nutrient-rich, eroded loess deposits. The ponds differed in levels of nutrient enrichment by external runoffs, but the differences were to some degree evened out by extensive manuring, liming and increased supplemental feeding with cereal grains in less productive ponds. As fish production was less than 1000 kg·ha −1 , the ponds could be typified as extensive (cf. Horváth et al., 1992) . The ponds were stocked with either young-of-the-year (0+, fry), one-year-old (1+) or two-year-old (2+) carp and occasionally with minor additions of supplementary fish, 0+ wels Silurus glanis or pike Esox lucius. As the age-class corresponded to a specific size range, fish age could be considered equivalent to individual body size. Since individual weight at stocking was very small (1.5−3.0 mg), standing biomass of 0+ carp was practically negligible during the early study period. 1+ fish were stocked at a body weight of 30−60 g and standing biomass of 98−390 kg, and 2+ carp at about 140−300 g and 149−308 kg. Older fish were stocked shortly after ice-out (which normally occurs in March to early April in the study area), but carp larvae were not introduced into the ponds until May. Ponds supplied with river water via a network of ditches were filled shortly (within about one week) prior to fish stocking. Precipitation-dependent ponds began collecting water in winter, and therefore had earlier (and longer) hydroperiods. Most ponds were semi-permanently flooded, i.e. they were drained down in autumn and re-filled in spring. Some of the 1+ ponds were two-seasonal, holding fish continuously over two growing seasons after fry stocking. The ponds occurred in clusters, in which adjacent ponds were often separated only by levees 6−12 m wide. Within clusters, ponds with different-sized fish and different hydroperiods were spatially interspersed, and were mostly filled independently from each other. 
> AMPHIBIANS
Each year from 2004 to 2008 10−17 ponds were sampled twice for relative amphibian densities. Altogether, we collected data from 68 ponds (five fish farms). Larval anurans and adult newts (newt larvae were very rare in the traps in contrast to adults) were captured during two sampling sessions, between 9 and 20 May, and between 3 and 10 June. The survey dates were chosen on the basis of a whole-season study in order to representatively sample both early and late breeding species. At each sampling session, ten 1-l activity traps with a funnel entrance (small opening: 23 mm; large opening: 100 mm) were installed in each pond at the interface between emergent vegetation and open water for approximately 24 h (see Kloskowski, 2010 for details of the trapping protocol). Most individuals were identified to species level except for the genus Pelophylax (P. ridibundus, P. lessonae and P. kl. esculentus) and the genus Rana (R. temporaria vs. R. arvalis). Individual taxon abundances per pond were expressed as maximum numbers of individuals recorded in any one sampling event. Taxa recorded from the study ponds are listed in Supplementary Table A1 .
> WATERBIRDS
In total, 104 ponds (7 fish farms) were studied from 2005 to 2009 (each year 6−35 ponds were surveyed). Bird surveys were carried out once about every 10 days from April to July. Birds (for the list of species see Supplementary Table A2) were censused using the standard round-count method by Koskimies and Väisänen (1991) . The duration of the pond survey varied depending on pond area size and the number of birds present. During each survey, an observer walked around the ponds along the pond levees and birds were located and identified to species using binoculars and spotting scopes. For little grebe Tachybaptus ruficollis, water rail Rallus aquaticus, little crake Porzana parva and moorhen Gallinula chloropus, numbers of breeding territories were established using playback of tape-recorded calls at sunrise and at night (Bibby et al., 2000) on four different dates in May-June (minimum one night and one sunrise survey each month) at each pond. With the exception of playback surveys, bird counts were conducted between sunrise and late afternoon hours. The sequence of visitation of the pond complexes and of individual ponds was rotated at each visit. Numbers of mated pairs/breeding females/vocalizing males (territories) were estimated according to criteria proposed by Koskimies and Väisänen (1991) , whereas timing of counts of individual species was scheduled following Ranoszek (1983) , with slight modifications taking into account geographical differences in breeding phenology. For mallard Anas platyrhynchos we used data collected in April−May; for gadwall Anas strepera and pochard Aythya ferina midApril to mid-June; for tufted duck Aythya fuligula mid-May to mid-June; and for ferruginous duck Aythya nyroca and garganey Anas querquedula May-June. Mated pairs of mute swan Cygnus olor and greylag goose Anser anser were counted in April−June. Estimates of coot Fulica atra numbers were based on counts from mid-April to the end of July, and those of other rallids, grebes (little grebe, red-necked grebe Podiceps grisegena, great-crested grebe Podiceps cristatus and eared grebe Podiceps nigricollis) and little bittern Ixobrychus minutus from May to the end of July. Territorial bittern Botaurus stellaris males were counted in AprilJune. Duck abundance per pond was estimated either as the average number of males (for mallard) or of females (for other species). For species other than ducks and bitterns we used maximum numbers of observed pairs when consistent over at least three visits to the pond (flocks of adults were not considered); however, we used maximum numbers of broods (until the age of approximately four weeks) if they exceeded the numbers of pairs.
> POND VARIABLES
As independent variables, we included pond characteristics suggested to be of significance for amphibian or avian reproductive success and species richness in wetlands (e.g. Hudson, 1983; Vignoli et al., 2007; Shulse et al., 2012) and which in pond culture conditions depend on management operations. We classified the ponds into five types according to separate stocking of fish age-classes and culture-specific hydroperiod: early-flooded 0+ ponds (filled in March, exceptionally in the first two weeks of April), late-flooded 0+ ponds (filled between 1−15 May; ponds sampled for amphibians were filled prior to 7 May), all-year flooded 1+ ponds (ponds containing water continuously since the previous growing season when stocked with fry), re-filled 1+ ponds and 2+ ponds (both filled in March). Data on fish stocks (age, size range and standing biomass at stocking) and on pond hydroperiod were obtained from local fisheries. Water quality and productivity were monitored in a subset of ponds representative for the entire study area throughout May−July 2006−2007 (Nieoczym and Kloskowski, 2014) . The levels of chlorophyll a, turbidity and phosphate-phosphorus (PO 4 -P) were generally moderate during the study period, but tended to increase as the season progressed, with growing fish size and density and rising water temperatures. In July only, chlorophyll a values exceeded 100 µg·L −1 in the presence of larger carp while turbidity in a few ponds reached about 20 NTU, an assumed threshold level of serious disturbance to macrophyte growth (Lougheed et al., 1998) . Average values of PO 4 -P remained below 0.5 mg·L −1 irrespective of fish size. Since the ranges of values indicative of nutrient status were narrow over most of the season, and our previous research found no strong relationship between nutrient concentrations in ponds and amphibian densities or composition of waterbird assemblages (Kloskowski, 2009; Kloskowski et al., 2010) , we did not consider the effects of nutrient levels here. Emergent vegetation cover was expressed as the proportion of the surface area that was covered by emergent aquatic plants (range 0.05−0.77). We did not control for the effect of submerged vegetation because during the early period after ice-out or after flooding (March-April, in late-flooded ponds early May as well) it was nearly absent from the ponds and was apparently functionally (as shelter or foraging habitat for wildlife) replaced at that time by the previous year's emergent vegetation beds (see also Hartel et al., 2007) . The dry biomass of submerged macrophytes, measured in a subset of the ponds in early July 2005−2007, ranged on average from 51 g·m −2 in ponds with large, marketable fish to 90 g·m −2 in ponds with 0+ fish; however, the differences were not significant (Nieoczym and Kloskowski, 2014) . We calculated the proportional cover of pond shoreline (2−3 m buffer) by trees and bushes (range 0−0.99) and quantified the surrounding landscape composition within at least 30 m around each pond (the proportion of the shoreline adjacent to urbanized habitat, to forest patches, to arable fields, and to other ponds). Emergent vegetation cover and the last two variables were measured from digitized aerial photos using a geographic information system (QGIS 2.8 Wien) and, together with hydroperiod timing, were verified during field visits.
> STATISTICAL ANALYSIS
We compared the taxonomic composition of amphibian and waterbird assemblages between pond types using a nonparametric one-way analysis of similarity (ANOSIM; Clarke and Warwick, 2001 ). Post-hoc pairwise permutation tests followed each ANOSIM; the P-values were adjusted using a Bonferroni sequential correction. To select the species which were strongly associated with pond types, i.e. which contributed most to the taxonomic dissimilarities observed, we performed the Similarity Percentage procedure (SIMPER) with the PAST software package (Hammer et al., 2001) . We calculated taxonomic richness as the total number of amphibian or waterbird taxa recorded per pond. The Shannon-Wiener information index H , was used as a measure of diversity. Since the use of Shannon values can produce biased estimates of the magnitude of between-group differences, we interpreted diversity in terms of the effective number of species (ENS), i.e., the Shannon-Wiener index was reported as exp (H ), as suggested by Jost (2006) . We fixed the cases where taxonomic richness = 0 (a few ponds with older carp where no amphibians were detected) to return ENS = 0 for the zero-counts. We evaluated the effects of habitat variables on amphibian and waterbird diversities and taxonomic richness using a generalized linear mixed modelling (GLMM) procedure. GLMMs are suitable for analyzing unbalanced data, where the sampling units are spatially clustered (here ponds within fish farms) and the study sites are sampled over several years, to take account of the non-independence of observations within study sites and years. In all models we considered fish farm (i.e. a spatial cluster of ponds) and year as random terms. The generalized linear component assumed a Poisson error distribution with a logarithm link. Among the inter-correlated predictors (Pearson coefficient, p < 0.05), those considered more relevant based on better performing univariate models were retained for further model selection. Fish biomass density per pond was correlated with fish age due to very small individual size of 0+ carp at stocking; therefore, we entered only fish age-class into the analyses, since it was a stronger univariate predictor. Similarly, the surrounding landscape variables were not related to diversity in univariate analyses (all p > 0.5), therefore we entered only shoreline cover by trees and bushes into the models to minimize collinearity. As amphibian and bird numbers can be related to pond area (Broyer and Curtet, 2013; Guareschi et al., 2014) and ponds holding older fish are typically larger in surface area than those with younger age-classes (Opuszyński, 1987) , we included the logarithm of the pond area in the models as a so-called offset variable to adjust the dependent variable for pond size while allowing the use of the Poisson error structure (McCullagh and Nelder, 1989 ). We did not incorporate any interaction terms into the models because we did not presume that they would represent biologically meaningful hypotheses. Model simplification using backward selection was adopted. The use of stepwise model-reduction methods has been criticized in 
RESULTS
Both amphibian and waterbird assemblages differed among pond types (fish age combined with timing of pond filling; ANOSIM; R = 0.24 and 0. 21, respectively, both p < 0.001; 9999 permutations) (see also Supplementary Tables A1 and A2 ). Amphibian assemblages did not differ among ponds with 1+ or 2+ fish, but all other pair-wise comparisons were significant. Common toad Bufo bufo, spadefoot toad Pelobates fuscus and Rana frogs were the biggest contributors to dissimilarity (SIMPER, 21.8%, 21.3% and 14.1%, respectively). In waterbirds, most pairwise comparisons were significant as well, except that the two types of 1+ ponds did not significantly differ and late-flooded 0+ ponds did not differ from 1+ ponds filled all year. Coot, mallard and pochard contributed most to the dissimilarity observed in waterbird communities (SIMPER, 18.0%, 9.5% and 8.0%, respectively). For both taxonomic groups, the GLMM minimal models contained pond type (fish age combined with hydroperiod) and the ratio of emergent vegetation cover to open water (Tables I, II) . Shoreline cover was dropped from all models (all p > 0.5). Amphibian taxonomic richness and diversity was higher in 0+ ponds than in ponds with older fish (Figure 2 ). Later-flooded 0+ ponds harbored fewer species than early-flooded 0+ ponds ( Figure 2a) ; filling in May proved too late for these ponds to host Rana frogs and the common toad. However, diversity did not differ between the two categories of 0+ ponds (Figure 2b ). No significant differences in taxonomic richness or diversity were observed among ponds with older-age fish.
In waterbirds, taxonomic richness and diversity exhibited similar patterns, both indicating the importance of the timing of pond filling. Within the same age categories (0+ or 1+), earlierflooded ponds had higher scores than later-flooded ones. Moreover, unlike in the case of amphibians, no clear-cut difference was found between 0+ ponds and those stocked with older-age fish: mean richness and diversity scores for 1+ ponds filled year-round were intermediate and not significantly different from the values for early-and late-flooded 0+ ponds (Figure 3 ). Figure 2 . Unlike superscripts denote significant differences (p < 0.05). Sample sizes of ponds, n = 23, 25, 11, 17, 28 .
Figure 3 Back-transformed GLMM predicted mean taxonomic richness (a) and diversity (b) of waterbird communities in the study ponds. SED was not back-transformed. Abbreviations as in
DISCUSSION
This study confirms our previous findings that age structure (individual size) of stocked fish can be a strong predictor of pond diversity Nieoczym and Kloskowski, 2015 ; see also Opuszyński, 1987) . Greater biodiversity existed within amphibian communities that developed in ponds stocked with 0+ fish than in those with older fish. In waterbirds, the differences between ponds holding fish of different ages were not so distinct. As stocking density was not independent of the fish cohort age, it was not considered in the analyses. However, the role of density in fish impact must not be overlooked, especially as it is involved in indirect effects on animal biodiversity in ponds via eutrophication processes, non-consumptive destruction or changes in the abundance and composition of aquatic macrophytes (e.g. Bajer et al., 2009; Matsuzaki et al., 2009; Weber and Brown, 2015) . Hydroperiod timing affected amphibian taxonomic richness in ponds holding the youngest fish. Eastern European anurans, with the exception of the Pelophylax frogs and fire-bellied toad Bombina bombina, have a short reproductive season (Berger, 2000) and the delay in hydroperiod onset until May excluded early breeding species from reproduction in ponds filled so late. Nonetheless, these ponds did not differ from those flooded early in terms of taxonomic diversity. The reason could be that ovipositing females of some of the later-breeding species might prefer newly flooded waters due to the lower risk of predation by fish in such habitats or due to inter-specific segregation (e.g. Boone et al., 2002; Indermaur et al., 2010) . Numerous patches of spawn of green toad Pseudepidalea viridis and tree frog Hyla arborea were detected in shallowly filled late 0+ ponds (authors' personal observations). We did not find any distinct differences among 1+ ponds because ponds drained for the winter were already re-filled in March, allowing settlement by species which initiate breeding activities early. In waterbirds the importance of hydroperiod timing was more evident: ponds filled later had lower taxonomic richness and diversity than their early counterparts containing fish of the same age. Also, both indices did not differ between year-round 1+ ponds and 0+ ponds. Dissimilarities in between-pond distribution patterns between amphibians and waterbirds are likely to result from unlike character and intensity of interactions with fish. Carp-mediated eutrophication due to resuspension of nutrient-laden sediments or mobilization of nutrients from excretion (Lougheed et al., 1998; Matsuzaki et al., 2009; Weber and Brown, 2015) may have different effects on amphibians and waterbirds. Some amphibian species are reported to avoid habitats dominated by fish that pose a predatory threat to their eggs and larvae (Binckley and Resetarits, 2007; Kloskowski, 2011) . By contrast, many waterbirds prey on fish, although carp vulnerability declines with body growth (Moser, 1986 ) and larger-size carp can diminish food availability for waterbirds through competition or deterioration of water clarity (Santoul and Mastrorillo, 2003; Broyer and Calenge, 2010) . Also, interactions between fish and rallids or bitterns inhabiting emergent vegetation beds and rarely or never entering open water may be weak . Thus, early availability of breeding waters, rather than fish presence, may be decisive in the choice of nesting habitat by these birds. Both amphibian and waterbird diversity benefitted from abundance of emergent macrophytes in ponds. Emergent vegetation is vital for spawning (nesting) and foraging habitats as well as shelter against predators (Hudson, 1983; Hartel et al., 2007; Shulse et al., 2012) . Broyer and Curtet (2013) found a curvilinear relationship between numbers of breeding ducks and the amount of emergent vegetation; densities of ducks and of epiphytic invertebrate biomass were highest when macrophyte cover was between 21% and 40%. Besides prey availability issues, overabundant macrophyte cover may hinder diving birds associated with open water. However, emergent vegetation cover exceeding 40% is uncommon in commercial carp culture, as fish farmers usually strive to secure the largest possible fish production area (see below).
> MANAGEMENT IMPLICATIONS
Our results suggest that to effectively provide biodiversity services, management of manmade ponds should involve maintaining early hydroperiod onsets. This does not mean that to support rich amphibian communities cultured ponds should hold water year-round, because in "permanent" ponds significant populations of wild-grown fish and invertebrate predators will build up. Also, pond permanence favors development of a thick bottom layer of detritus, hampering production of benthos vital for fish feeding (Geldhauser and Gerstner, 2011) . Ponds filled year-round can be used by migrating and wintering animals; however, note that drained aquaculture ponds provide non-breeding habitats for many birds as well (Švažas and Stanevičius, 1998) . Given that in cold weather the period from egg laying to hatching may exceed two weeks (Berger, 2000) and no larvae of early-breeding anurans were detected in ponds filled in early May, these species require water in ponds at least a month earlier, optimally immediately after ice-out. Another positive outcome of earlier flooding would be accelerated growth of submerged vegetation, beneficial for some amphibians and waterbirds and for overall species richness in non-permanent ponds (Hudson, 1983; Rannap et al., 2009; Arthaud et al., 2013) . Hydroperiod onset issues are not trivial in human-managed wetlands, because timing of flooding is highly dependent on the type of wetland use (e.g. Azous et al., 2000; Jurajda et al., 2004; Koji et al., 2014) . We believe that protection of the breeding habitat of pond wildlife has not sufficiently taken into account the phenology of immigration in amphibians and of spring arrival in birds (cf. Boone et al., 2002; Paton and Crouch, 2002; Johnson et al., 2010) . Given the short reproductive period of most anurans and early commencement of breeding in some waterbirds in a temperate climate (Berger, 2000; Cramp and Simmons, 1977) , even a 2−3 week difference in the time of pond filling can be critical for pond biodiversity. Our study design was fairly complicated, with crossed effects of fish and hydroperiod onset, but it allowed us to show that timing of inundation cannot be considered in isolation from other pond attributes. For example, in carp culture systems, filling ponds intended for older/larger fish as early as possible (so that they hold water for a longer period prior to stocking) is not justified by amphibian conservation because such a pond regime may act as a kind of ecological trap, given the adverse impact of large-sized carp on amphibian larvae (Kloskowski, 2010) . However, most waterbirds will profit from early availability of nesting habitats. Compared to natural systems (Pechmann et al., 1989; Paton and Crouch, 2002) , drawdown timing is of lesser concern for conservation, because carp are left in rearing ponds typically until at least September-October (Horváth et al., 1992) , while emergence of metamorphs in amphibians and fledging in pond-breeding birds is largely terminated by this period.
> COSTS OF BIODIVERSITY-FRIENDLY MANAGEMENT
Practices aimed at conservation of pond biodiversity entail income losses. Normally, fish farmers attempt to synchronize the time of pond filling and stocking of vulnerable fry with periods of relatively high daily water temperatures and early stages of zooplankton succession, both of which promote rapid growth of fish larvae (Opuszyński, 1987; Horváth et al., 1992) . Pond systems with unstable water supplies (e.g. from rainfall), such as our early-flooded 0+ ponds, are usually filled for some weeks prior to stocking to secure water storage; thus, early flooding is a necessary and widely adopted management action. However, ponds with abundant water supply are filled as late as possible to preclude expansion of wild fish, and in fry ponds also to preclude development of vertebrate and invertebrate competitors and predators on fish larvae (Geldhauser and Gerstner, 2011; Guziur et al., 2003) . Further research is required to estimate yield decline related to modification of hydroperiod; the early ponds studied suffered no apparent detriment to fish production (authors' unpublished data).
To allow oviposition by anurans that naturally breed in ephemeral waters, such as the common frog Rana temporaria (Loman, 2002) , a compromise solution could be to begin filling the ponds early but maintaining only a shallow layer of water. However, for waterbirds to settle, pond beds must be completely filled. Another point of conflicting interests between pond fisheries and conservationists is the amount of emergent vegetation in the ponds. Aside from the above mentioned benefits for wildlife, emergent vegetation ringing ponds protects pond levees from wave action and increases pond productivity (Geldhauser and Gerstner, 2011; Guziur et al., 2003) . On the other hand, expansion of emergent vegetation comes at the cost of fish production area; it offers space for poachers and nuisance wildlife, such as otters Lutra lutra or cormorants Phalacrocorax carbo, and results in shading of the water column, increased water evaporation and depletion of nutrients from pond sediment (Guziur et al., 2003) . Therefore, pond fisheries that commit themselves to such management requirements may demand compensation for adopting less intensive farming practices. In European Union countries, the strategy of the Common Fisheries Policy is to promote environmentally sustainable and knowledge-based aquaculture through protection and restoration of aquatic biodiversity. Accordingly, the European Maritime and Fisheries Fund may support aquaculture activities which include conservation and enhancement of biodiversity through compensation programs for the profit foregone (Regulation of the European Parliament 508/2014).
> LANDSCAPE CONTEXT OF POND HABITATS
We assessed diversity of individual ponds and their immediate surroundings (alpha diversities sensu Whittaker, 1972) . We did not consider the broader landscape context (see Burgett and Chase, 2015) , which might be crucial for amphibian conservation efforts, because our focus was on pond management, and the more distant surroundings of ponds may not be managed and influenced by the fish farms. For example, pond operators may control nutrient loading as part of pond management, but they take no responsibility for runoff water from agricultural surroundings, while pond productivity may interact with animal and plant species richness (Broyer and Curtet, 2011; Arthaud et al., 2013) . At the landscape scale, fish farms are typically clusters of ponds with different-aged fish and varying hydroperiods. Ideally, closely spaced yet differently operated ponds might support various community types and complement each other to yield high beta diversities (Weller, 1988; Wezel et al., 2014) . In amphibians, wetland complexes with a range of hydroperiods may facilitate temporal segregation to avoid interspecific competition or predation (cf. Vignoli et al., 2007 ; but see Indermaur et al., 2010) . However, in the farmed area studied, amphibian assemblages were shown to exhibit a nested distribution among ponds; i.e., species-poor ponds harbored mainly the more common species (Kloskowski, 2010) . This implies that ponds within a larger pond network may not necessarily complement each other for greater overall diversity. In view of the massive scale of pond aquaculture in Europe, adequate regulations aimed at protecting non-nuisance pond wildlife can substantially augment their existing habitats. However, conservation-oriented management strategies must be chosen carefully and tailored to local environmental conditions, to be conservation-effective as well as not to produce significant risks to fish production.
